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®&tm&im#MSaa>-'?tl,T. SH^l (Wavelength Division Multiplexing : WDM) Jt«flHW=lE 

uzmm wismtjamoysfM zwt (»;j© r ^ * + u ■ -f * - v f ■ z> i -r x k ■ 7 k ( 

Virtually Imaged Phased Array: VI PA) £*lIfflUT^Lfcfc©fl^3ft-CU?> (ff'l*J3\ TEOWfSK 
1#P.S) c 

hi oijs fie*©v i PA^^^BPg^«^o«sr«6?fiWiaia-f® i 'Js 111113. m oiz^tv 

I PASgftS#sailHPlSg©JS[a^JB2>o Si 0*3.1:0131 H2nT.fc3l~ '&£W I PA^afc^mWJBBS 
S10 0T13, ^-+ib-512 0^UT^7^Vl3 0£>-^5dll43*lfc5tto\ 

- h b>x i 4 oT^fTTti cisac ritfi c 5-r l> >x i 5 01 z «t ^T-t?a>®»©±i la^ta fu v 1 
pa^i 1 ochsmjsi 1 e^ii^TJii^r^fT^swpjcAs^n^o 

mi oicsrvi p Aits 1 1 out pmi&i 1 6«ttx5ii%i;, aswsi 1 eroi^^^ttaiERijiffl 

fiSUcefti 0 0%OlgW¥«*r2>SI4ffii 1 4*flEjS3h*i:it>l=s EWJ8M 1 40fl|Sffla& 10 0%^ 

y^isu <«xi*'9 6«ga©> mwzm-^s emu 1 ^wsshi i 2tfjBS3h*. 

;©VI PAffil 1 OI=fcircii %£SH»JB=J:yx «WS1 1 6«a?TA»3nfc5tl= , 3l.iTs 

jECT^*is«jwj:2>Mna<TOts«ft?>o zm. v i paci i o^AJ*ti & v i pa*ei I 00> 
->-%mm zjmzwt i o o °/oj; y <rt*s*tJBi 1 1 2 1 , flus-G^B ^j&sa fit* 100% 

<Bl5*ff«*T*E*HISl 1 4fc©RfrC : *ij5l>l«S'Jisr. 

^©P& JKMJMi 1 2©BlTSI«-?)i , i:li^ 0 /o®7tfl'^I^WB^5SlUTV I PAffil 1 0®W=Ui«3n 
^UTs VI PAH 1 0«58Si.fc7tl3> flSc^&U 01 2®$*nAi~A3i^TJ:5/a*iSl-v ift 
IDwJEECTjirrSlWft^aSJE© » Tt^f^c «7>«g*. &7t££itt£ b>X 1 6 0^~A\zWtt 
it. ©m7te^3;l^I;(lJ3ff ^T[E^Yii8zfaSfciSSa±^ii)r^ J;5I3^ 0 

€UX, z©S$S±l3f?i]Al3Hl 0l=SfJ:5tt3*A7c5 5-l 7 O^KST* Citify s VI PAtfci 1 0 

fleams tvtt* u>x i e o^mt^zmt, %*m.mzmcT3)kK~?- 1 7 o±0»&*ffis-cESi 
anxvi PAtsi 1 oidsan*. 3)^57-1 7o-est!^n/aias*fii=J:^TAto*isi=JifTU v 
1 PAii 1 oicMan^Pi^Tt^-fn?). z.0?i^t\mmmz£oTmx^t\zj;vm&mi$ti\z 

±i*©VI PAffil 1 01 3s ^VK&lrnm&mz^T^^tti^^^Zte-iTlKc, ZO>ttfa 

imettho)^ 3oi=A*t3n*m?ifti:T*c:4:Jtraa. zfu^ys v i PASSfcASHK 

W^l 0 013s A^7tl^UTt7);lM^fl?WUTs atflJtt UTTtTf V 1 2 O^ilcmHTS 

^j; o tjmmtt* v i p a^WtMWSs 1 o oi 3s Ttiit ->xxai carats ^ ti c j; y s esss 

Sd£tfTl*SJ:5icfc3o 

hi 2i3s ±5£©v i PAtsi i o^Mimrzyt^^^n^t^m^^i^t^imtiTzmm^ 

^©i'i^vi PAii i 0^^^I«no7tOfeHU3s MiS©[Hi 2i^rJ:5 fe^ji/*** 

it. PgfS^sTSWS^^UTJSRniDX^rLP^itSi 1 (Echelon grating) tlsHiCDffioilU^t*, CI£7)fctfX V 

ipasii oixBfflttiEm+tLx^z.zzttiKzz* v i PAffii i oiz.tziBimfrf-tLTomzn 
^iz-oimmtot, MTvttiVtuo* 

tUtts V I PAi1 1 06881*8 1 1 6lzAM3nt7t(7)7tifi1 1 713s VI PAflSl 1 0©fg*t£1 1 6 

1 1 2izAMs?n^>is -zmmmmitthiz, e-A^x7.h©f*5iJiapyx syiaei oo*w>kjw 
^s^r^stijfii 1 4ic^^xsi : t5n^c 

ifcs WBzmmi 1 4l^«t-3TJEW3»Tt8L ftlSfiyEWKl 1 2l3AI=f3n^\ ^©TtiBJeSlcS 
HH1 12lwA*t3nfcSHJ^dEl±fn*. SMBl 1 2l=SA*13ntJti®5^©-gP»S*tBli 1 

2$ii^f^ 0 f5]«izuxs -s©p B ^id^s 7ti3^<wuiz^n^) 0 ^uxs #*wu^e^Aff33s e 
i a^6Jtfl%tf4J:5i=ftE4. ««i i 813s vi PAffii i o\zttLTim-?®%m% 
L±lz^^Ts -®5RaiS2 t-C(l^B*ll=ES3nio dd^ tlJV I PAffil 1 0©JS3 "535*0 
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TfecDij^M) oxsto^i z&m*. m 1 2 a 1 ~ a 3 o«t 5 tjaaucwt* a 1 ~ a 3 ^nasi-*. jl 
^bx, fl«fMJ^n62^>fl)BEOtbztbMo. c o t exa^ 5 d©«t5i=s v 1 pasi 1 ou 

U ^2 0 00-5 1 1 655^15 



^ »ao5Si 2iz^TAi~A3ic^i^^;iMsi=m^^[^^^^^»\ mi uzn&mi 
ms. v,mct 1 zmznz x?\z too 

CflDfcfe ^Jffl^MIffl^t-^MH^jM^fthT 1 ^ >y ^ Dl 5«»Wi: to Xb£ » 

«&9;.£M*U, K (D VWz&tZtlttZ*. r& it (D *l=J3UTs nlJVI PAtfil 1 0©BW* 

m^ = 2nt (cosa) — (1 ) 

ZtfSt (D fr6s A=(2n t/m) ■ cosaTM VI PAIS 1 1 0 COSfr ¥ n 33 t €-£4: 

-T^^(4lc33l,iTl3s m0MI*M*lilgfcx, x+ 1 , -tift^^TlKI^TSSSaiLJif Ilittf^S 

sns c o sct£oiiin-5:*3 noetic to. 

St. V I PAi1 1 OCDF S R (Free Spectral Range) |J„ it (2) icST J; 5l3&3o f& Ai^lJFS RtD 
Av=c/ (2 n t c o s0) ■" <2> 

4di:"b%x6n?>. ifftii vi paisi i oo^m*^^-^-^ vi pausi i oo«»-«ajiBR 

U^UW5, SgtUfffVl PAffii 1 0\zt;m<.fy-\zR\$it%^tmWim\z&lM.-?m, it <i> 1 = 
cfel^^t^H^t-^C^lziU^lM^tt^ff^^lJSib^s XVI PA1JS1 1 oaSSe&tS'&^ta.TtK 

W^ti: ti - J: y»SziEGTilfT^TS]c7)S to?tsKJ^J5S3 n^StSPS i: . IIAM7t©7tf 41 :SSW c# 

DSKjareas^Tv i^AM^mTtsn^Miai ^^ftiiiiffttcsi&ifl^ux, taiaasKSiWS^iHBi^ 
ciocrfs&i =fci xi ts irnmm zta ^vsxasfi^ia^ssm zm. BetsR&©siSfr 

, II0iaifflzfcUX0isIll'ii5i±^t^^gfb a o©gl^^t lulE200SI=}Bfl\ 15 

i^Mi i33i »TiH]i30fi<i tt*isims0i&m>m t ?z> zt t ux t iu. 
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$ 61 3 S t8EJl£3£& ; i'- f + y ■ -< * - ^ f ■ z? x-f X K ■ 7 b-f I = J; "JffiiBST* t IX J;U 
St. ^J^^ttBSfcPCTi. ^To¥fT&2^£>jEM®2*U 1 AS^lcmTtL.t^MlSST 

a ^ng6*]i zsmmn* x, mim^ z amo nsaapsjte noMis i ^^icin^i z$mtm z-z> 1 1 

ti swas b>xft^©Mia;i^) ijecx n&s- si zmw^txt^mm^it, meem u^m z-o i \xrnn 
*s»B=j3fai*, ®&mzty). Mimmtozwmwz&g.mxfox. Amts^mtzti 

% 1 )^*ftiltPOTl^if&f filial X, 7£SIS©^2®isM£c*i±oC fctfT? S0r^ 3tgPS*saSWJ!SP 

«=T^r5>JcE^tta^5)Cifcx?3?'i^®3o 

Hg^psrs^i^Us *mo>mto>mmz^xmfits>. 

[A] *3ffJia>-!CiHett®UBj; 

SPSSII^ iftE©SI1 OlCfittSfc© (w^100#BS) | Zs VI PAil 1 0<7«^«lH^lu3i+5lHiefflS 
*I2£iIfinLX, VIPAil 1 O0i&&^ftti£^X^J;^Ut^©Xa35c HI'R HI 04:11 

^]lcm7tbt7ttUXV IPA1S11 Oxgall 12,11 40>F£;:g< J^l-toXUSo 

tts V I PAil 1 01 J, f§*lf SWr^-^KIffil 12,11 4£*Us 1)A7c*I^I^7tUt7tfl% 

EHffli 12,11 4(?aacAW3ru As*t3dr%&sw 1 12, n 4x^ssMsrL^6^-sw-^o 
swai 1 2^3@uxi±H4$n, mi^'^T^ct^iu^c^cxMT^r^stoT^ff^sn^ 
M^xa^ 

<*6ic, HSs«2|^ AMft^ifilcSfOTc^^iiiX^X, S-JSMSi 12, 1 1 4<mz\mti% 

mmyc2ft%i)tt-Kmzmwm\zgmmMz^irz, vi paisi i oo^%E$m8&ttz>hws$v 
, vi paisi i o^mmLxi^yyt)\/^zm^txtz^^a^-^m\z^m&-t : bc:tt> : 'X^i>o 

S2 < a > , H2 (b) ij s iae«SBi2i=j:ivi pa«i i oo^$iim\z?i\xim?%tzVMmmx$> 

L J, H2 (a) H2 <b) I3±?M1X®3o z©H2iiSrJ;5lw. VI PAffil 1 OlcAM^n^Tt 

(Z»tiflz¥'fflczi4?^^ M>«*U>X1 5 0icJ:'J3l7t3n4.S8»i3 i mi = xaii«S<zti:-r4^ 0 
i^M2IJ, ^n60xii^5J:^zISI^iS^yi^l3¥fT^Alz^UX (IU2^ICfilXlJyii^UX) 
% VI PAfil 1 Oomi&m&mZltZZtW-iSte^zU-jTlVb* f& ®2 <a> l=nrTJ:5i« VI 

PAffii i ouxm oa» izoux^jteti^iM^^xu-s, 

l5SEUtJ:5l^ V I PA^I 1 OOFS R (Free Spectral Range) Ij, « (2) J:2>l3to©Xs ±3 

5i3too 

3Raft}K!8©«t5l=, VI PAil 1 0^[o]iai«2XifilAlzoLX[H]ls3i±3^. 2ifi^^6©lAM^±® 
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fctAiA ib 2 (b) ©cii=jsrj:5i=. vipasi i ovttmMz^\.YXffl£tttAimoym < 

BP5figis = ojt: V I PAi1 1 i etxHcTfitotuSttD t UTU5«^l-*5UTIi, 

H3 (a) i=STJ:5I3s zSISW5®ffltJl*±fl)V I PAii 1 OfiDJSWJdl-?©*. cm-ilUs [12 ( 
b) ©C2icS1-J;9i3, vi PAii i 0«*Ai^?l,Tt:ft*(8*fl>0fl!«fti:ft5J:5idgC31*fc«&i= 

13 03 <b) lcSr«t5l^ z§Kfa^6©Jl^l+±©VI PAi1 1 0©II&d2l3d2 = d 1/c o s,5 t 
cos(3<iir^fc«!x l.flNJ-±^Jl^d2^d 1 J;Ut)^?-<-r^Ci:^-C ; ?-^i;5>i-^o 0 112 (b 
) ©C3ic^-<)\fc5>iz s c2©i^ii^fBK^zlH^asidi±fc«^= ! t). vipaih o©£Sn+±©ji 
JW J C 2 RHN 3Gf tT*. 

C©zffl^fr6©JiAM}±©J^©^!:l3 V I PAii 1 OlcAHSn-T 2t>0jgMJMl 12,11 4X=§> 

as«3nsjti^uTferaa=s-f4J:5i=fe5>o bp5s [§2 (b> ©agswyagci^jsuxii H3 <»> 

icSTJ:5i^ 2tJ®5fttBli 12, 1 1 4©P B ^liSM$n^7t(7)7miix|fi±l?^fSr^ct^<, 

?iaa^y±©vi paijsi 1 o©idijdiTKo 

Zftl=S*U @2 (b) l=STJ:5teVI PAS11 0#Egggft3i*fctt*C2 Cifcl3C3) CWS^IlfeU 

xiJs #&i£33 <b> i=srj:5i=s 2^©smsii 1 2, 1 1 w?s?**m%M2nz>7>to>m\txM±xm 

fflU at)^±®lf*d2lJd2=d1/co siSifc*. 

^niij; i Jv a (2) izstfs RtawapwDM^-s - ?®*. vipasii oiifiivraiK&rraTfc 
^sttfSHtr^fcfex « (2) ©gt-sssftiL-cfflen^FSRofatiSttrso vi paiei 1 0 

©jSgft^ftlcou-rfes ffl7tl*ia4l=iT?r J:5l=x Blfi^B 210:7 l*3l**££:tft!?5>J:5i;:&o"CU 

4. 

s^ttu* ±ia©vi pa*jsi 1 oj3«fc?/iH»asi«2i=j:y, ^mmm^^-t^tti^^^mm 
mmzzttinzzo fa, t§5ii ±3^©aisii«2icj;%, vi PAii 1 o©Ai«=^uT©aisftg^ 

«(8=oiufc«^=ai?Bt;'Jfe^A afl^fcc^iifcUX, BtMrfSi:, B#i&5>S£©X ajju53siSlfflj 
Afl)»mhtAXt, ©E<S#StllT?<&5. d©S5l=7n-r«fc5l^ VI PAii 1 0©HKflJS«tiV*1 = 

TtlfcS, d©J; 5l=flHiB*Tfc»31flBaBd3l >XI3.. AI^Mflfiic^fi^l^LSfelfiX^^TAI^mTt 

3n4i;A7esrrsj=siBfi*ii=w<siti=^uTs 0isffii2icj;uvi PAffii i oo^fem&®£ttz\t 

icJ^Us 1*2) X? 5o € UX, IPSCfiiS i+^flfifit aSSfiftli £ % W 

m\iT&<zt\z£^ ^^tLxm^mm±^fma)^mzmmt^ztt>^^ vi pa 
3?t"T j t 1 3 o si cxTt^A^i snst s z:o>x?iffl c-t s n^SM^crii - tffx? s> 

o ^fSSD«aWc7ifl3, ^TtiUXTt^p-fM'l 3 0fcJ:Wfc7-<VL^$n 2 0«iiirctb?TtS^:tf 
X?2>, 

5^>Mb>Xl 6 0ICj;?T-t?m*M>±i;:3©te3lT» VIPAS11 1 6 SloXJlftt^ 

i FfT i FS©©=Ast3n<&o €ux, v i PAii i oicfei rria. &g.BM#mz£y). asa-isi i e^jiox 
Ai^nrcTtic^i, ix, j^Mi^cxiiff^irj^to^iis^Ttm^f^o 

■?fl*S*s SttJR*JK*lA>X1 BOT-jfldBtni:, #+«»Jtfim3»ll©Wbd 3 l s oXH^YiHHC;^ 

■3tasa±j^*3i*?>ct^f5>. ^ux, .z©^±j3ieg3nfc3>^5 5-i 7o«KgTsci:i;:.fc 

Us VIPAI11 0^6iiiM5n^b>Xl 6 0T'm7t3nfc7tl3 ^*©!JSMI=ECX3-Ate;^-1 7 0 

±©stoESxsi ; t3nxv i PAii 1 oicssn*. 

tttf)^ 3>*7cS^-l 7 013, 7e&£X3D2>V I PAii 1 0©-*©HWBK£tttSWKl 1 2fr6£fc 

its 3)*7c*5-1 7 0XSI i t3nfc7tlcoUXl3VI PAii 1 0I3&UX, J;^XSto7tS§M$ 
^fc^SSRSttSiiifl^ao EP5s 3)jcS5 5-i 7 01 J, J^BBtW3)todEtt«*rf5.i:ifci;: 

s mu,yxi 6oft%(D ! m\zmcT&tez~Mzi\mzttfz7>t*mtei±. miLtzmz^ixi&mzmtx 
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33«tCfclU^— h U>X1 40«^UT7t3?5"fH1 3 0l^nTx JtF-f V L/-SH 2 0«aCTili?J3n*. 

Z©4:?s 0BWi2l=felvrii VI PAii lOiz^jiSjSM^tf^F^^'ffiilS^^tftic AM 
t&DtBAI =Se»fl*l cfitfeirS!® ,T Al=t7t^7t5 1 >*7E7Jftl cUffttl JiSEfeM z?l 2 1 z 

J;UV I PAii i o^^mmti^^ztti^^ 

tlSLTUfalllSail^UTtK [°Ss4!!l2lzJ;oV I PAii 1 0^12031 &Jj®B£fc&m*izWbZ 

£C5X, ttaSUfcidir, VI PAii 1 01 =351 TO £ ^SJSWffillli'Js $B*E1 1 6£S?TAJ<fc 

IB 2 <b) ©ClldnrJ:5l=. VI PAii 1 0®*S»«iiliAlzt>UTlHM3^m«*©ttl84: 
UTL^^zfcUTIi [§6 (a) l ;S T J; 5 1 c s 4ESfiL->X 1 6 Oi3AWSnsffi6JHXB«S©7K L Bl J, SEf 
SlS] [[§2 (a) , H2 <b) XIJYiiT^ 0^tfl3i^Bu5> J: SK&TjTlvfco 

utpunara, ioawi2i=j:yvi pasi i o*mi$ttt, tamcms <b> izstj^i^ 2?©g 
mi ii2, i i4©isre*aE«3n?>ms«ex5>i3f*6u ^tmmt^±xmiit^<j)x, me <b> ic 
^-rj;5ic s m.\^yx^Qo\z?^^mwim<m.m^B' i^uxtK sswft 032 < a > , ®2 <b 

t)©tfe5>ids^Ts xHLtm-fnxnKo 

Sfcs 0ls«2IZj;UVI PAii 1 0?[51i^i±fc«iWi^ [[§2 <b> ©C2, C3#BSJ fc t [o]fz<? 

itt^&mimaffi^ M2 <b> ©ci#aa <txi£ s^s^-i 7 0^6©®W5HPv i PAii 1 0© 

E7 (a) , Ml <b> |J, [E2 <b) ©CIKSTJ:^ V I PAii 1 Ot7^^$ifiAlZOUXl°Ss3l+ 

msi 1 ej^^a^sn^T^jBSMi^uxiftBflr^fcfefCB-e^o v 1 pasi 1 o^i?^±^©s^)tt 

HI 7 (a) I=5?r«t5l=, iE7f[^Z#*©ffl^iaiijB5^fcm^^7^LBMMb> 
XI 6 0=S®BU 3)^2^-1 7 0XJSM^n^o "fS^ EMJttfcUTJRSU'^Xl eoSjffiBUfcJtl^ 
Ml <b) lzSf«fc9fe7tSLB ritoo 

vi PAii 1 ooasjMsi 1 esacT^^w^nt^uxm^-rictfts-effii: 51^-3 xu 

nXt^tfs JgHJt^S?>5tSLB r©»dE#^^LB©»tfl<ifeS3«l& @7(a),[El7<b)IZ 
tfTtI^ A 1 0><k o\Zt^0)X, ZLmOftm. L B, L B rP^fZfcl vtl3Stf£&Sffi«A 1 «tt«fi*lK? <«f* 

H8 (a) , H8 (b) 13, [12 <b) ©C2tfcl3C3linrJ:5l=s VI PAii 1 0©g?$£lSA 

55-cbuhjbi 1 6^5a^3n^^j5$^zt?uxi^fl^fc«?!0)iix®^o vi pasi i o^^^j^t?) 
rtoea-ti-Ti^Jfi^iai na (a> isnrj:5i=, (aassio *^ut»am«©7tmLB' bwr 

SL->X1 6 0«iBSU 3)*7C5 5^1 70XSI^n?> o Tit. SWTtt UXHSSU^X 1 6 O^jliibfc 
TtiSs US (b) ICn?*J;3Ji0BBLB r' ttti. 
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H8 (b) lzST$l*A2(7)J:i>lZ^y. H7 (a) , H7 (b) I PAffil 1 0«S*tfflttU 

TU5J8^J: l J'WS<too ±a©VI PAii 1 0flCHAi^>irr©@BHaSA?<T4t, d©<fc5tl*tf 

'li^iiuT^ii^f^^^ffsT^^o mm$, \mmm2\z^jv i paisi i orog^iHAii 

VIPAS11 Oft^tBMSn^^L^M^M: (Hi 2©A2*K) I J, H90E1 lSStJ:5tiafflKJ** 
5l=ttio dCOi:^ VI PAffil 1 Ofl*50NB»fc (El) iEWJt CE2) fc©*&ySB»E30MS«Stra 

UfrU&ff6s ±jS©{§8 (a) , H8 (b> izSlTJ;^, fi ^SMJ^JitS L B r' 

o fiE^Ts lsagiaS«2lz±'JVI P Asfjfil 1 0 £0ij3t!-7c<t UTtiv [Els^l+^L^m^^-ttt^Ts & 

JtSn*i*£*lfiI=IIPWI=«fit*IAi=r>l,Tt» v I PAii i oOSWSHteBfta-frSCfctfT?*©^ 

, vi paisi io*^*iflsitri.c4:iiJt i JS*«=ra^i±4*sd±^Tv saaiiftsi.i:^^ 

CB] 

ttAJSs ±a®*3lll*fl3B=t5UTiax V I PAii 1 O02t?<a®HK1 1 2, 1 1 4t>\ Al^n^Ttff 

a^sn^^^^i^sisitwt^iHasEGs bp^E2 <b> icasttsvi pa«i i ooasassaffiK 

i^g^n-fs 2t?®jsMigi 1 2, 1 14»\ Ai^noMMsns^s?) 1 ;ks^it ^is 
©^Tr^te? hantiHUsaa fflx.isii2 <b> <a@mttitimc2, C3] * v sialic icjsuxini^: 



1,10 0 %£$ft«liaig£g 
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1 1 6 RMS 

117 ym 
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I^tSFo^-^^Eft^Ste^rai zm*t3n*#jft H0»fcS£EM UTMIStSFSI dRTJEIiSix 
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w&ffifmtt* n^ME i ;*7t35TSii z&tm it, tJEjegpaosn « hb^iss i±s[h1s« 
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